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1.0 PURPOSEI_ 

This Technical Implementation Procedure (TIP) describes the field operation, and the management of 
data records pertaining to neutron logging and density logging in welded tuff. This procedure applies to 
all borehole surveys performed in support of Engineered Barrier System Field Tests (EBSFI’), including 
the Earge Block Tests (LBT) and Initial Engineered Barrier System Field Tests (IEBSFT) - WBS 
1.2.3.12.4. The purpose of this TIP is to provide guidelines so that other equally trained and qualified 
personnel can understand how the work is performed or how to repeat the work if needed. The work 
will be documented by the use of Scientific Notebooks (SNs) as discussed in 033-YMP-QP 3.4. The 
TIP will provide a set of guidelines which the scientists will take into account in conducting the mea- 
surements. The use of this TIP does not imply that this is repetitive work that does not require profes- 
sional judgment. 

2.0 SCOPE 

This TIP applies to all density logging and neutron logging for water content performed in support of 
BBSPT - WBS 1.2.3.12.4. 

3.0 RESPONSIBILITIES 

The Task Leader for EBSFT - FVBS 1.2,3.12.4 is responsible for assuring that this procedure is used. 
The Task Leader is also responsible for assuring that any changes to this procedure are reviewed and 
incorporated in the next revision. 

4.0 DESClWTION OF PARTS/ASSEMBIAGE AND CHECKOUT 

The operations manual (Campbell Pacific Nuclear Corporation, 1984) for the logging tools describes all 
the components of the logging system used. It also describes the appropriate assemblage and checkout 
procedures. A copy of the operations manual will be attached to the “Field Copy” of this procedure. 

5.0 p;IEED MEASUKBMENTlrS 

The field measurement sequence includes measurements of a standard outside the boreholes and mea- 
surements within boreholes for moisture or density testing. 

a) EGqeasurement of Standard Counts: The calibration of the moisture or density system is made 
in terms of a ratio to standard count made with the probe secured within the shielded surface 
unit or a special calibration fixture, A log will be kept of the standard counts taken before and 
after each borehole survey, or suite of surveys (Le., a$ the begiaaniing and ema% of eaclk day’s 
s~rveys)~ to allow the user to determine when a defect occurs and the rate of change per unit 
time of course. Selection of an appropriate base station location is discussed in the manual of 
operation. 

b) Borehole Logging: Instructions on how to operate the tools are described in the operations 
manuals. Additional operational requirements are as follows. 





1) Counting time: The counting time at each sampling location should be at least 16 set- 
onds for the neutron measurements and at least 240 set (4 min.) for the density measure- 
ments with the probe remaining immobile during counting. 

2) Sampling l[nterval: The maximum sampling interval (Le., the distance between individual 
sampling locations) should be smaller than the radius of investigation of the probe. The 
radius of the investigation of the neutron probe is a function of the water content of the. 
rock and can be estimated using the formula supplied by the manufacturer in the opera- 
tions manual. The sampling interval used will be selected such that there is an overlap in 
the volume of investigation of approximately 20% between consecutive sampling sta- 
tions. There is no known formula to calculate the radius of investigation of the density 
probe, The present judgment is that it will be of the same order as that of the neutron 
probe. 

The range of depths to be sampled in each borehole will be determined based on the 
results of geohydrologic scoping calculations. The range of depths to be sampled should 
completely include those sections of the rock mass which according to the scoping 
calculations will undergo detectable changes in moisture content during the experiment. 
At present, there is no information available regarding what is the smallest change in 
moisture content which can be detected with this logging system. The judgment is that a 
change in moisture content of a few percent of the original value may be detectable. 

’ Thus, it is recommended that the section of the borehole to be logged include (as. a mini- 
mum) those sections where changes in moisture content of 34% (relative to the pristine 
value) are expected. 

The data collected during neutron and density surveys will be recorded manually in SNs. The records 
will identify the borehole, date and time, and persons conducting the survey data. The survey data will 
include the standard counts obtained before the logging run. If a n~&er of Itpo~holle surveys 8~ 
per$srmed in one day, record the shnbrd conm~ at the begimmimg amd emI of each day’s smmey8. 
The depths at which each measurement was made, neutron counts (or density), and a standard count 
obtained at the end of each logging ‘run will also be recorded. The SNs will also list the times and date 
when the rechargeable battery pack of the unit is recharged and of any maintenance performed on the 
tool. SNs will be handled in accordance with procedure 033-YMP-QP 3.4. 

Documentation of the methods or procedures used to perform the test/activity will be provided in the 
SNs and the method or approach used will be determined by the Principal Investigator or the person 
assigned by the Principal Investigator to do the work. As such, deviations from the suggested or typical 
approaches outlined in this procedure are allowed based on the technical judgment of the scientist 
responsible for this activity. Revised procedures will then be prepared to reflect changes, when appro- 
priate. 
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To take a standard count press: STD, step till the gauge displays “NEW STB?” and 
press ENTER. 

In Format the gauge now allows a record ‘IO contain Cl to 99 keydatas and 0 to 99 
readings. 

Selftest has been removed from the Menu. 

While taking a count the display shows “COUNTING”. 

Vdhile taking a reading in Log Mode, the display shows %OUNT N”, where “N” is the 
number of the reading %IS defined in format and counts cbwn to ‘I”, 

The displayed units are: CNT, RAT, PCF, GCC, %V, lPf=, AND CPC. . 

There we now provisions for 16 calibratbns. A c$ibratican may be selected by pressing 
STEP until the number is displayed and pressing ENTER 8s described previously or 
by selecting directly. e.g. press CALEB, I%, ENTER to select the 12th calibration. 

The Format command nc~w displays the number d rest-ds of storage after the “SET 
FMT?” display. Press ENTER to complete for’matting the gauge. 

The version display now includes the model number. e.g, “503A-230”. 

The print dump format has been changed. 77~ first line header include the new version. 
number. Bn PWINT LP a top of farm comrpand is issued’ after the header and 
calibration information and before starting the date print out. 

‘. 

.  .  .  .  .  



WARRANV 

CPN products are guaranteed against defective material and 
workmanship for a period of eighteen (18) months from the date of 
receipt by customer, or a maximum of twenty-four (24) months from 
the date of manufacture, whichewer comes lirst. Cktector tubes, 
fuses, and batterias are guaranteed for (6) months from the date of 
shipment frsm CPN 

Upon their prepaid returw, CPN will mplace tree of charge any pars 
found to be defectiwe within tkm~e warranty periods. CPN oescr-ves 
the right to repair all defectiw~ parts at our factary, or authorized CPM 
senke facility. 

This warranty is void if inspedisn chows evidence of #XXX?, misuse,. 
or unauthorized repair. This wamnty cowers only replaeemant 01 
defective rnatf2rials and workmanship. This warranty does not cower 
damage caused by exposure to ex~isske moista9re. 

If, for any reason, tkis unit must be setarmed to our tactery 9or 
warranty ~sm4~e, please mntad ut for tdst~m authoo&3tion and 
shipping imstructisns. ilw~lude, WI668 ttm rhlpmrnt: curtofmer purchase 
order number, CW Company Inwoicca num r and dafs, serial number 
of gauge and reasom for seturn. 
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1,O GENERAL 

The bdel ~o%N=I HYDROPROBE, NEUTRON DEPTH IVIQXSTUR& GAGE measures the 
sub-surface moisture in soi 1 and OPhW maeeriats by use of a probe 
~oneainir-tg a source of high energy neutrons and a slow (thermal) neutron 
detector. The probe is Lowered into a pre-drilled and cased RoLe (4.5 or 
2 inch diameter), Hydrogen as present in the water in the soil slows the 
neutrons down for detection. The moisture data is displayed directly in 
w-~its of interest on an above surface electronic assembly which is inte- 
gral to the source shield assembly, 

The gage is supplied with a 4% foot cable and five adjustable cabbe 
stops. AdditionaL stops and Longer cable lengths are available, 

Upon retraction of the probe into the shieLd, the probe locks automaef- 
tally in place for transportation. 

The complete assembly 4s supplied with a plastic shipping and carrying 
container which contains; accessory items, cab Le, instruction lRanua1, 
charger, and other materials which the operator may wish to carry, 



ECXSXON: 
*UN? me: 
:w: 
rwu?: 
;TTERY LX FE: 
rNSUMP%xOM: 

SURFACE UNIT: 

CARRYXNG L 
SHXPPXNG: 



The stand-by power drain of the gage is Less than the seCf-discharge of 
the N%CAD cells thus eliminating the need for a power switch. The DR is 
atways ON, When first received it is recommended that the gage be placed 
on charge overnight to insure starting with a full charge, 

Ysw wilb have to set the gage to a configuration to meet your field 
eonditionso To assist in understanding the gage initially, it is shipped 
from the factory in the following configuration: 

UNITS 
YXME 
u&jr% 

S-f-D 
F84T 

Inches per Foot 
4 second 
#'I Factory eaCibration in saturated and dry sand. 
A (slope> approx 2-5 in/ft per eeuntratio 
and B (intercept) approx -.06 in/F% 
Standard count approx IOOOO-.. 25 
4 X0, 1 Keydata and 3 Depths allowing 279 recomk 

Wi%h the gage si%%ing on %he nameplate on the shipping c8se Pf'@X S~AUe 
The gage shoubd take a one sest~nd count and display %he e~uiwaben% mois- - 
twre of the wax in %he shl’eld. 1% should be epproximateL.y 2,4 inches per 
foot e 

Most of %he commands are WEAD/SYE$/WWITE, T&A% is, when first cabled up 
.yaw red %he displar to see the current value, step to a rte~ vakue and 

then wri%e h-rter) %he new value ineo memory. fry Phis by using %he- 
f~lh~it%g kt?~~%t’~ke% %o change %he time from II %O “I6 seconds, 

READY 
TXWE 1 mead the cwrrent. value) 
TXME 4 - 
f%ME 16 Gtep 'to a neQl vabue) 
READY (Write i% to memot-y-1 . 

. 

Do the same for Uni%s, changing from Inches per Foot %o % VoLumea 

REAO)Y 
UNXTS WNXT XF 
STEP tiNarT cc 
STEP WNXT XV 
ENTER READY 

Take another covn% by pressing START,, The mcecasured result% sh~taLd be %he 
tame ~1% &XXW excep% that %he court% should take 16 seconds and the dis- 
play should be awwimateky 20,0X moisture by volume (which is equiwa- 
Cent to 204 jw per foot 5n the reading above), 



Please read Phe remainder of this manual 

ction 2,5,1 is task oriented and describes the steps ta use the gage 
1 take readings, When you are ready to take it further and bog 
,adings, read section 2,5,2, 

,ctions 2-1, 2-2, and 2-3 are function oriented describing what each 
'y doeso 

vztions 2-9 contain the necessary information es hardware interface the 
3ge to a computer or printer, 

!ctions 2.7 and 2.8 cover the sof%were interface information, 

.3.2 CABLE STOPS .a 



lost functions are directty entered by pressing the aDpropriate key. 
)ptions are reviewed by 

K4Y 
w-0 
R-WET 
D-DRY 
WATER 

UNXTS 
TXWE 
SAL%% 

SQEFF 
SLFCAL 

MENU 
SELFTEST 
%MaUQRA%% 
A-mm 

SPEPing, and selected with ENTER. 

Function 
----ovaa- ------------I-I-----o_____ 

Bisekay latest wet density reading (501 only) 
Riselay latest dry density reading (509 only) 
Display I.atest moisture reading 

Select measurement units (CT,RB,PF,IF,GC,CG,XV) 
Select counting time (1,.4,16,32,64,256) see 
Select calibration (4,,8>, and optionally: 

Enter coefficients directly 
Semi-automatic calibration 

Log a tube site record 
Recall a record few review 
Dump records to ex%ernal device 

Dum$a to an active device (Computer Device) 
Oump to a passive devicx (Line Printer1 

seaect mise fw-lctisn: 
SeLf %es% of circuits (des%rue%ive RAM test) 
%clcct baudrate ~9%0,300,lfO0,Z400,4880,9600~ 
Set a%%r~bu%cs for %he Print LP dump, 3 ea * 
P~ef3x, 3 ea Stxffix, and a Tap of Forme 
D~splayBEnter a four digit seriak number 
DispLay sof%were version 

Dispkey/u@da%e standard count summary 
Set accord Karma%, clear records 

Take a readiwg 
C ltar, abort R "pNQ"' 
Next, skip, toggtc 
Enter data, make selection, coYES's 

Waster Reset Oiold STEF' down and press CLEAR) 

&unc%ion 
-PB~~~~-~.s.~~---..-~ 

Gage is ready for operation0 
Decimal point in Lower I&t indicates 
tow battery condition, 
Bar in left character with no 
keyboard response indicates 
cw%sff condi%ion. 



I 
1 6’PP-l CQRP Model DW 
I g----S-----------~~~-~-~4 
I I 
I I I 

i I 
I +----o--------- --w-a--D-- ----e-e+ 

I 
I +---ma.+. +a.L.m-a--+ +--Oa++...+ +m.x.n.----+ 
1 1 START 1 1 CLEAR 1 I STEP I I ENTER 1 

4--4 
\b-WETI 

1 MENUl 

-4 

IWATERl 

I”R%NT 1 



CAb%B 
%)i SDlEQJ/Sft ltE$t calibration (9 fhru 8) and/or review/change its' 
coefficicmt$, 

Before pressing CALEB, select the atmrooiaee wnjts and time wia the 
UMXTS and T%M keys, If counts tCY> or ratio (RO) is the selected 
unit the gage will display "'SET UNff", If SLFCAL is to be used to 
take a cow-It, select a time of 256 seconds for maximum precision. 

TO SELECT A CAL%BWATEON 

Active calibration is dispbayed on entry e-g. "CAb%B 4"'. To select 
another calibration, STEP to the desired number and press ENTER. 
When the promet '"COEFFS ?*' appears press CLEAR to return to 
"WEADY". 

TO EMT&W/CHANGE COEFF%C%ENTS WHEN THE CQEFFICXENTS ARE KNOWN . 

Sclcc~ the satibratiom mumbtr as above, When '"COEFF ?I' is displayed 
press !iNTER, Cocf%Qsicmt '@A" is the sao~c, "Be' it the imtercept im 
am exprcs~~gsm 0% the Bsrm: 

bisp$edy 'z A x (ta'P+Ql 4 8 

Where ratio is eoumt divided by stamdard count 

Emset A amd 8 usimg the saar~e w-tits as previously sebected by the. 
UDaXTS key, 

The current "Aeo cscffic<cmt wiLb be dispbaycd, Press ENTER to ac- 
cept it car shamgc it .wis the mumcrsll keys smd B)PCSS ENPEU, Same for 
"k%'"e Rctupmr to '"READV aeftcr last cscf4~eicmt entered, 

TO ~~~~~#C~A~G~ COEF%XClENfS WHEN THE COUlMYS ARE KNOWN OR TO BE 
~%~E~~X~~~ 

Select the cakSbratiem wapmbcr 1%~ above, Press STEP till '"SLFCAL ?" 
is ditotsyed, Press ENTER, 

. . 
"W " Emter %irst moittwre vaLue im the oclctted units- 
"Cl 7p Emtcr atrocisscd EQMWS aar press START to take a ceunt, 

EWER PO acixptB START to retake, 
"nt 1: Emscr sccomd moloturc welure Qm the selected units, 
""CZ Entcc rssociascd cow-a or START ta take a count, 

ENTER PO ~scce&st~ START to rtsake, 

Either the bow or high data pair may be emtcred first. When taking 
a ccwmt glascc the probe in the apprspiate moisture sPam&3rd kzfeec 
pressing START, A%tcr cotff4tiemts arc GQRIPCQ~C~ amd stored, display 
~CSLQPWS so srREAt9Y"e To review the coefficients use "'COEFFS ?". 



Arms the storage mechanism to Iog a tube site record, As defimed 
previously by the FMT key, each RECQRD consists of 1 each ID, 0 TX.3 
15 keypad entries, and 0 to 15 depths, %D number, keypad entries 
and depths start at the highest value and down count to 1, When LOG 
is %irst pressed the current PT?%Of-d number .is displayed. Press 
ENTER to use it as the de%ault 163 mumber or key in a meamimg%ull 
record number, The record number decrements from the maximum to 1, 
each time a Rf?W record is logged. Phe record mumber is thus an 
indicator of how many additiomab records may be logged. 

Keypad fields are read/modify/write, i-e. it wilt first display 
what is stored in that location (normally baamk for a mew 
Location), Key in a value and press ENTER to store the mew- walue, 
Press CLEAR to abort a wromg key entry- A keypad field may be 
skipped by pressing STEP. 

Moisture fields are stored the same except that value is from a 
count imitiated by pressing START. It may be retaken but will only - 
be stored and advanced to the mext field whem you press ENVER. 

A record is mot stored im the log urntiC the prompt "DATA QK?" 
appears and ENTER is pressed, 1% at that time you press STEP 
instead, the display wika step around to the begimmimg of the re- e 
cord allowimg 14 %Q be ~Sewed and edfted, To accept am existing 
keydata or moisture value press ENTER or STEP, To change the data* 
wrfPe over the keydata field followed by ENTER or press START for a 
mew count followed by ENTER. The correc%ed record is fimahly stored 
whew you press EMT32 while WATA O#?8g is displayed, 

UC%, . 
Ts review the record Log, On emtry displays fD mufaber of last re- 
cord logged, STEP back thru the Iog to the ) ID mumbcr sf desired 
record amd press ENTER, or enter %B number ds'recfzly, i,e, "8234 
ENTER, 1% the keyed fm ID muwber does not exist, displays '"MIT 
HEUE" a Press STEP to aekmow$edge amd comtimue SYEPQmg from Last 
reel 19, Whem desired fD is displayed press ENTER, Use the STEP key 
tQ ffIQVe BCrQbb the %fe!,ds 0% the record <Like a wimdow moving 
across a tickerta&), I 

Press CLEAR to step down the IDS s. Press ENTER te return to the 
more deta$led LeveL. At the outer levee you see the f&Q .omly, It 
the imner level the emtire record, 

fh.mi~s record $og to extermaa device via the serial coWmectorB For 
g'F'wIm CO"" pres$ PWl[NT, ENTEf?, For VR%Nf LP"p press PRINT, STEP, 
ENTER 0 

PRINT co 
Output %ormatted ts upload record bog to a computer di- 
reedy or via modensn, Hncludes a 84me count amd with each 
data lime a checksum, Uses ACK, NACK software protocol to 
control transmission, 



PUXNT LP 
Output formatted for rcsdsbi4.ityo Contains same informa- 
%iom as Primp CD dumo esithout the tine count and the 
checksums and does mot wait for a rcs140nsee 

MENU 
Step down %hc menu choices and press ENTER to select a choice, 

SELFTEST 
Runs a comprehensive hardware cheek on the gage consrstingBf 
RAM test, RWi test, Counter test@ Timer test, Bisolay test *and 
Keyboard test. The RAM test is destructive, bo NOT fun it if 
the LOG data is imoortent, Selftest takes about i? minutes. You 
RWst watch the displ..ey test to see that aal segmepits are the 
same, The keyboard test ethos the key oad )/QU touch. To com- 
plete the keyboard test press SLEAR twice, A successfuC test 
sritl disp!.ay "Y'ST OK". If an error occurs, an error message 
wit1 be displayed at the end of that t~est, To acknorlwedge it 
and contimue the rcslaiming tests press ENTER, To abort any 
test press CLEAR during the &es%, 

BAUDRAT% 
Ablows setting the baud $d%te for Prsmtmisoi~n om the serial 
commec%Or, Whcm %$rs% seLec%td, d5spleys %he bisud rate cur- 

. rentty selected, $se the STEP key to step %o a mew rate amd 

AhbQWS sc%%img 49ttributer +mto the PRfaeT LP QU%PU% %Qf= ?m?- 
sific extcrmal equipment. Has provisions for 3 each characters 
a% the beg$mmdmg of transmission (prefix) amd three each at 
the end &u%fix), A %yp$maSb gwcfix would be to %raemtssri% an 
ASCff dcchel 'I5 tea an EPSgsW pr4mtcr .ye pbxx 4% 4rn the e 
pressed aQ&. A typicsl suffix w&,kd bc am ASCII dteiae$ 26, 
which 5s teconittd by i SPBR syttcia asi the end 0% br~mrtsissiom 
of %I fi ae of de.%, 

A 'Pop of Form character CTOfl, fr %ramra$%%cd for eseh 60 limes 
(4% &A%%* 

“‘$X41 000°’ 1st gm?%Ix chrrsctcr 
vx2 000’” Zmd prefix thrtr%%tr 
opPx3 000”’ 3rd Orefix %hrrsc%cr 
““SX4 000” 1st tufl x sh%r%%tcr 
“%X2 000’” 2nd sw%ix Chrrrtttr 
%a 026”’ 3rd ru%ix chsrrstcr 
VW 042"" TQga of form Ch%r%C%er 

As shipped from the factory the prefix amd two of the sufix 
characters arc mlel bs KII, h? Of the sufix characters is a 
%Qt-ktrQk 2 (ASSXX 26 fQ$ end 0% %%ltE ifI CPin ~rO~Wftt) %tld %he 
TOF is a comtrol b QASC%f 122, The A%C%lo characters are 
em%ercd at %Mr decimal wal,ues <CL,,1273 by keyjmg them in 
and pressing %BaBfER> 



SERNB 
Displays she last four mumbers of the probe serial mufnber, 
Press CLEAR to return to the READY display, The serial number 
may be change by keying in a new mumber followed by ENf%R, 
This is useful when moving a surface electronic assembly from 
one gage shield/probe PO amsther. 

VERSION 
Displays the gage software version (useful for service 
purooses) .I 

Displays standard count information and/or 'take a new sod count, 
Xnitially displays the current rno&.Q,!xe l.t%i.L ssep 
to display previous moisture standard coup?t (HP), Step again to 
display the chi-souare ratio of the current standard (MSHI[), 

(See section 2,6 for detailed procedures) ia take a new standard - 
COWf-lP PWSS ST%) followed by START. The DR wiL1 %ake 3% each 8 
second COWlPS, wish a 2 secomd warmup delay between each coum% 
(b-27 mint~tC8 Q% CQumP~mg), OtJrimg e$%h %oUm% fX?riQd %he PW?ViQMS 
COUflP number and count are displayed c,g,"*24-'IZ34", When %he last 
COW% is finished a NEW standard ceumt based on the average of the - 
32 counts is ca~cwlated amd dispLayed (4% is disp&eyed as am equiw- 
alem% "16 secomd COWI% %Q be eemsis%am% with a 'msrma8 corm% displ.ay, 
and so wilC be %wiee the previously dispLayed 8 second eoum%sI, 

Use the STEP key to view the CURRENT stamdard count (identified as 
previous aP this poim%) amd ti%W chi-sq rat90 (com%Smuimg to press 
STEP will cyc!.e %he dlsplsy around %he %hree pieces af stamdard' 
eomt fmformatiom~, Xf the differemee be%weem the mew amd current 
stamdard CQ~%S and Pht walue of the mew .ehS-sq ratio are acccp%- 
able press ENTER to upda%e the s%amdard co&% information. ff they 
Bf-2 mot accep%ablc Dress CLEAR to sbor% and %ake amo%her mew s%am- 
dsrd ccunt 0 

. 
To rbpBr% a t%amelrrd corm% In progressr press CLEAR several -,%imes 
une4a "RE AOY'" 4s dispLayed, The imwdard coum% tmforma%idm wibt 
remaim wnchamged, 

‘“MS “1234’” Current sfamdard corm% 
"'MP 1199 Prewisub stamdard corm% 
"'MSHX I 0 16"' Shf-square ra%io (s%d~dcvII~sqr-ros% of btd) 



Sets the record format, aPld clears the tog soace. on entry, 
displays the maximum number of po$sible retX9rds to be logged in the 
~~f-rent formats e-g, Wx 27V. P~--css ENTER, QY Cn the desired 
mmlber of keydata entries (Cl thru 451 and $)rcss ENTER, Do the same 
for depths (8 thru 151, when the gage dis~leys ‘“SEf FMf?“*, be sure 
YOU want to do it and then press ENTER, l-his clear the tog, sets 
the new record format, and star% the storage at the POD of the log 
area D Be sure you have dumped the previous information before 
clearing memory otherwise it will be erased., If you just wanred PO 
view the current format but no% clear it, press CLEAR to abort e 

To display the maximum number of records under ehl’s new format, 
press FMT aga9’n. Press CLEAR PO return the display to “READY” with- 
out changing or clearing the format. 

The gage is powered by a replaceable NPCf@ battery pack (500 mWh . 
capacity,. 8 each cells). %% is accessible by PCmsMiWg the faur screws on 
the front panel,.Akso behind the frogat pancC 4s a circuit breaker, The 
red indicator shout.d be showing far the gage to aperate, 

The charger* which is supphied with the gage, ehargcs at the rate of SO 
%I!+, This C/IQ rate wi tt charge the gage overn3gh9 (14 hoasrtl ye8 witt 
%ot damage the cells if left on indefinitcty, The red Lsmls on the char- 
aev should be ON and the charger should be warm to the the tebech, 

f the battery is allowed to discharge too low,.tht gage witt sutoewati- 
ably go into a cutout condition to protect the $rttcry tctt$= The dis- 
bay wilt show the lower verticat scgement, 9n the ffrt% tAsrsc%er, ‘The 
eyboard will. be inoperative, The gage goes into cmoff at 9.GW 
wormably under Load), The cutof%: circwit is rcrtorcd when the ECttf 
ave been recharged %o.I0,4OW, This takes about 20 minuttt ~4th a C81%4 
harger- If cutoff occurs, charge the gage overnight and Brett CLEAR. 

efer TV the Service Section of this manual, for more on battery ctklr, 



?a take a reading tower the probe PO the aBprspia%e depth and press 
START, Before doing %his you must sekest Unit%/ Time and Calibration. If 
YOU select any units other than count, the gage must have a valid stan- 
dard count. 

4-----4 +--a-+ 

i i 

I 4---B 4=-----4 e-4 4-----o 44--==-44-----44----+1 

The choice of disg~lay units wit.\ depend lapon your use* Researchers 
will wsrmalty prefer grams per cubic etntimcter or percent volume, 
while woo schcdmlcts use inches pet foe% or eent~mc%ers per 30 
etotiectcrr, Counts art helpful for troubkcshseoing, It is the same 
cma only diffcriwg by %k conwcrrion factor, 

Qncc the uni%S hawt been sclecotd, %hcaa crch time a count is taken 
the display wBL% be in the wmits scLcc%cds 

For a given townting rate the eownting %Qmr interssat dc~ermines the 
g>rcci%~on of the eouwt, fht longer the time, ohc more Counts and 
thws the aore fx-ecisic the county Cserespo~ing~y the tonger the 
esowl4t t %G%@ ttw less mfa$MPtmCnt %hl% can be made ipa a day, Thus 
the time intcrvsl is noraal$~ seI,tctcd as the minimum time that 
will not sacrifice g3rcefs"sow, 

Few sthcdwling type oiw3-ation a exwnt time of 16 seeawds will pro- 
wide swfficicwt precirion %o project the next irrigation da%e. 

See the rpcndix sectjon on cown%ing S%etistics for a further dis- 
cussion of precision. 



The cabibraeion wibl have been determined previously and the stogx 
(A) and in%ereept Q3) coefficients stored in one of the eight 
calibrations, Select the one that is appropriate for the ssi! and 
type of access tube, 

TAKE A COUNT 

bower the probe to the desired depth and press START. While taking a 
count the gage will dispbay the time, calibration, and units selected. 

a6 4,PF 
II It -- Units selected as inches per foot 

iI I --- Calibration Number 9 selected 

i I -- Time sekeeted in seconds 
I 
I-.?-- Go or Count in process 

The gage will then display the measurement in %he se6.ec%ed wnl”ts, e.g* - 
o’3.88 xF”o 

VW Last reading may be displayed at any time, in the eurrewtty selected 
units and calibration, by pressing the WATER key, 

Readings can be Logged by %he gage as they are taken in the ffctd. Each 
$wbe site represents a reco,rd of information. Prior PO storing any 
readings ypsu mus% define the format of %he tube site record, After 
readings have been. logged, %hey can be recalled for d5spley or dumped to 
at7 external device, 

i +----am+ +“nwo.-~+ 4.%?.+---4 .+----‘+. 4aa.vaeo4 +.8wm-* 4owo---4 i 

Use the FMf key %s forma% the data storage area OS agree wi%h the 



Pax conditions, For each assess tube et which one record of data 
is stored, the format will alCt.3~ 0 te 35 keydata entries end/or 0 
to 15 tube depths (counts ocr tube), The gage always orowidcs for 
an identifier nwmber t%Dl for each record and stores the selected 
ealibrarisn number ("1-8). 

The total memory space available is 3072 bytes- ?'he number of 
bytes required "SW a record for each twbe site is as foLLows: 

FIELD %YYES 
--- -0-w 

ID 2 
CAL%%RA?%QN 1; 
KEYDATA 2 
BEFTW ~eount~ 2 

Thus a typical twbe site record format of of one ft), one calibra- 
Oion number, one keydata, and three oeaths ~counto~, takes 11 bytes 

. gaer record# and allows 279 records PO be sxored, 

After the nwmbcr of depths is enTered the gage will display “SET * 

FfG?‘” 0 Press %Nf%U to set the WY for-eat or CLEAR PO abort, 
SeaPing a new fornat cleats all the data ~ecorc$o 00 13 EACH T%N% A 
NEW S%T OF DATA XS TO BE STORED, 



Again it may be treated as more than one piece of informa%ion. i.e. 
first two digits for temberatwre in degrees Celsiws and the last 
fwo digies,for rainfala in inches. A keydata field does not have 
wowisions for decimal points, They must be implied, not en%ered 
directly. 

Use any scheme which fits your field conditions, Just be 
eonsi staflt from record to record, The Irrigation Water Management 
Program available from CPN Corp. provides for en%ering the date for 
a series of readings by setting the ID to "0" and the first keydata 
to the date. e,g. 4112 for April the 12th, Press %NTER without tak- 
ing counts to skip the depth readings for this special record. All 
records following until the nexz ID of “0” are then access tube 
readings. The XWM program expects that the farm number times 400 
plus the field number will be stored in the ID and the site. number 
in the first keydata. e,g- for farm “‘I”, field “2” and site “3” the 
XD would be 102 and the first keydata would be 3, 

Ef you make an error in eneering a number, press CLEAR and enter 
the correct number, If you press CLEAR more than once in succession _ 
it wi 11 cancel the record storage wi%hout sawing any of the record 
and return to the '"READY" display, 

Xf the gage does no% accept the number (p? .g. you try arpd enter a 
decimab pain%) if w?ll give a mul%iple beep and re-promp%, If %% 

I 

does accept %Re number i% will prsmp% for the nex% keydata or if 
all keyda%as are en%ered it wi 1%. prompt for a moisture reading by 
displaying "TAKE W#" (# is the nwmber of the dept4 position and 
will down count from tke maximum number set via FORMAT %o 11, 

bower t4e probe %o %he correct depth and press START, The gage will - 
display during counting as fol%ows: . 

Ll 4,3[F 

II !I -- Units selected as inches per for>% 

11 i -- CaLibrati,on Number 1 selected 
II 

I’ 
-- Time selec%ed in seconds _. 

I- hog coun% in process 

When Phe coun% is completed the gage will disptay *‘W’” awd the 
value of %he reading in the units selected e.g. “‘BP13 2e6538’p, If the 
reading is acceptable press ENTER to store ito ltf no% acceptable 
identify %Re reason and press START %o take another, Tkrus the gage 
wi 11 only store ,a. reading if you accept and en%er i%, T4e display 
wilb %hen promp% %o %ake t4e nex% depth mois%wre reading, Move the 
probe and repeat fhe process by pressing START. Continue in this 
manner until ala depths hawe been recorded, 

ff you want to skip a depsh (c,g. the bo%tom depth is flsoded) 
pPtSS STEP ins%ead of STARTBEMTER, This is aLso wsefwl if yaw have 
some tubes with five dep%hs and some with only three. Format for 
gSwe and skip %wo readings wken on a tube wit4 only Pkree depths, 



Use the ENTER or STEP key to sk”lp PO the keydata yaw want PO change 
or take a new count. When you again reach the end of the Pecord and 
‘“DATA OK?‘” is dispLayed press ENTER PO log that record, 



The standard count is a measurement of the hydrogen in the wax in the 
shield, By taking it in exactly the same manner each time, it prowides 
two means for checking the validity of the counting function, 

"1) By cornoaring it with the previous standard count to see that it 
has not changed more than an acceptable amountB it is an indication 
of acceotabl.e drift of Phe electronics. Americium-244 has a one-half 
tife of 458 years, It's decay rate is negbigable. 

2) By taking it as a series of short counts rather than one long 
count and verifying that its statistical distribution is narmal, it 
is a means of checking that noise is not influencing the count. 

PREVIOUS %TANRARR CWMT 

bdhewever a new standard count is taken, the DR automtieally ho4.ci.s the 
current standard count in the g>rewic~~ cowrat memory. This alLows for 
comparing she new couns wish the ewrrens ceuns., the difference between ” 
the two counts should $c wifh$n 0,707 of the square root of the average 
3% the two comPs 95x of the $foRe, 

EX%fBpl@: *pole Current standard csuns.s is 14400 wkihe th@ previous 
rsandard couns is SC%SO., 7%~ difference besweer~ the two numbers is 
50, The 59uare-root of she average Of the current standard count is 
‘I203 he standard dewiatisn), Since SD is Less %han 85, (0,707 - 
times "120) # she swo cobewtt are within acceptabLe timits and there . 
is t-10 reason 80 believe the gage is matfunctioning, 

.f 4s is wlrocc or if is ia gx~ntinuous%y changing in the same direction it 
ndicafes that service may $c warranted. 

4 {nitate a new standarcl count press STD and 
wer START, 

w wax in she sh4et.d is not an iafiwite 
3Lumc. Thus a standard coben% taken in this 
mritr Zb subject So surrounding condi~ieno, It 
i impsrsant that the standard count is taken 
I the same conditions a~ that used to estab- 



lish the catibration and that the conditions 
are the same each time, 

A more stable method to take a standard count 
in an access tube instalLed in a 30 gal- 

con or barger water barrel, To use the factory 
calibration but change $0 a new method sf tak- 
ing a standard count, modify the at (8 A caaibra- 
tisn slope term by the ratio of the new stan- 
dard count and the factory standard count. e.g. 
the original factory standard count was 11,000 
with an "A" slope of 2-6, while the new water 
barrel standard is 33,000, The new "A" coeffi- 
cient should be: 

The'verification reading of the wax in the 
shield as per section 1..3,1 should be the same* 

When a standard count is star%edB the gage wiLL 
take 32 each 8-O second countsP turning the HW 
power suppby to the probe on with each count, 
With each countl. the dispkay wilt show the 
coun% number CQ, 39, 30,,,,,,,4) %ollowed by 
the actuab e3 second csunt e-g* "50 7200'gs When 

.s a normal dl”splay cxxmte 

Press She STEP key PO vi& the CURRENT %tandard 
esunt e,g, “TS 94SOO”, Press the STEP key again 
to wiew the Chi-Sq Ratio of the NEW count e.g* 
*'MCH%: 4,36'Ce Continuing to press STEP 'wilt 
cycle the display thru the three pieces of 
standard count information, "lo update the sten- 
dad couns press &BdTER while the diQpbay is in 
this Loope The current standard count will be 
stored as the prewiws standard count and the 
mew standard count wilt be stored as the cur- 
rent standard count, 

OkrSe that the previous standard count viewed 
above is ae$uaL~y the current standard ccwns 
until you press ENTER to accept the new stan- 
dard CQMnt~ 0 ,. 

To- exit STANDARD without updating the standard 
csunt press CLEAR. To abort a standard count in 
g~rocess press CLEAR sewerat simes until '"READY" 
is displayed 

!f the gage is connected to a printer via the 
~~SkirlElL link (see section E,9), individual 

counts and slemmary information wi 11 be printed 



aking such a series of $2 counts will result in a distribution of 
ount s around a central value, The standard dcviati.on is a measure of 
he spread of these counts about that ccntra 1 VZ3lW, For a random * 
eYle@, such as the decay of a radioactive sourceB the ideal standard 
lewiation should be cquak to the square-root of the central value, 

f the gage is working properly, then the measured standard deviation 
nd the ideal standard deviation should be the same and their ratio 
hould be 9,OO. The Chi-Squared test is used to determine how far the 
atio can deviate from I,00 and still be considered acceetable. This is 
imilar to expecting heads and tails to come UD eclually when flipping an 
nbiased coin but but secepting other distributions when only Pliping a 
mall number of times. 

or a samele of 32 counts8 the ratio should be between O-75 and 3-Z for 
5 X of she PCSSS. Note that cwcn a good gage will fail 5 out of every - 
00 tests, j%f the ratio Saabs too consistently outside* it may mean that 
he counting electronics is adwcrscky affecting the counts, Generally 
he ratio will be high wherw the eaeetronies is noisy, This might be due 
o brcakdosr~l in she high wobtagc circuits or a defective detector tube, - 
he ratio wi%l sato be high ;f the detector tube ceuntjng efficiency or 
he electronieo is drifting over she measurement f3eriod, i,co The aver- 
gc of the f‘!rbt fjwc co~atf :s significantBy d%ffertnt than the avcr- 
gc of She Lass five COunfto 



-~tputs the contents of the record log to an external device (computer, 
CRT Terminal, modem# printer,. etc) via the RS232C serial interface 
connector, 

Two forms are available: 

PRXNT CD - for dump to an active device such as a computer (or 
computer via a modem), Each line of data includes a check sum and 
requires a software response from the cofflputer to insure proper 
transmission of data, 

PRmT kP - for dump to a passive device such as a printer or CRT 
Terminal. Same as the Print SD except no checksum, and the next 
line of data is transmitted without waiting for a response from the 
receiving device, Also the data is formatted for ease of readabili- 
ty and header information is inclu+ed, 

PWIMT CD 

A simple sof%wate AeKNOWLEDeE/NEGAT%VE~A~K~~W~WD~~ handshaking scheme 
tACK/con%rs~-F, NACK/con%roL-L0 allows the external device 00 con%rol 
the dump: ACK echoed in response to a received tine cadges Oransmission 
of the next line, while .NACK causes retransmission 0% the same $ine, 

9CK may be echoed as of%en as necessary eo receive an error %ree Line, 
Sharaeters other %han ACK, are by defa~bt NACK, If %he DW does not re: 
ceiwe 83 reply within 60 seconds after sending the carriage reOurn and 
line Qeed (CWLF) at the end of each Line, a defaesl.p: ASK is assumed and 
the next line is transmitted, The computery should ~0% echo %he DW 
transmjssion, 

The following table shows how tong in milliseconds it %akes 40 transmi% 
one character at each of %he possible baud ra%es,‘The program in the 
mmwter most be fas% enough to receive, process and be ready for the 
next charsctcr wi%hin this time %o unsure no% mlsoing any chara~tcrs~ 
(See also sec%ion 2.9 for hardware handshakiwg wh:ch aL!.ows con%rob of 
the DR %ransmission on a charac%er by character basis), *. 

BAUR B%‘T SHAUASTER 
RATE ms ms 

110 9.091 100,O 
a00 3,333 36,67 

I%00 0.833% 9,167 
2400 0,4967 4,583 
4800 [a,2083 2.297 
9600 0,910417 I,"1458 

it takes approximately 400 ms after an ex%ernal device has transmitted 
an ASK or NACK, for the DR to respond and transmit another line of data, 



Each dumP line consist of a series of 4icBds seoaraoed by cOfnmasI and 
terminated by CR.%, The fields are ararriaF3t.e iw numbet amd width. The 
last fiekd is a eheeksum determined by summing the ASCII deeifnab value 
of each of the eheracxcrr in the line MD PO and including the last 
eommar 

. 

A received line whose eomouted eheckrum agrees with the transmitted 
checksum is go& and should be echoed by ACK, else 8 toss of data is 
implied and MAtK should be echoed, 

As each line is being transmitted, (or retransmitted) its' line number 
is displayed on the DR, The line number down counzs, giving i%n indica- 
tion of the lines remaining, e,g. "h%N& 1%3"', 

The Print CD eflrf~~ consists of 4 parts: 

Line 4 Line count O&+10), gage identification and record forma;. 
Line 2-9 8 eslibrations, 
Line 10-W N records 

Line I: Gage identificetion and forPrcsat 



ne 10 - N: N Records 

Caa,K(k),,,.K(S),M(d),,..Mo,6hk 

,I I 
I I 

I '-- 
Module 65536 checksum 

I I I 1 I -ce. 

I I I I m cl Depth moistures, M(d) real' 
I I I I 

t ' 
1 

1 j------s---- _- * 

t I 
I- 

D k Keydatas, K(k) (O.e65535) 

I I 
0 

----.aa..e.--.s.- 

I 
I -- Weeord eatibration number (I,,81 

-a- Record identification to,.655351 

d 

fitc image of a W?%NT CD dump is shown in Fig 2.7-1, NoP@ that all 
~%a fields arc separated by commas i3lhOWing ??asy use of input 

he kwint f.w-ogram requires that the Am~wter be up during the dmf3, This 
taect a heavy drain on the battery. Charge the battery before dumPin$, 
f you beticve the g>sck is up but not sure , connect the charger during 
he dwmo X4 the ewtowt cirewit turns on during the dump@ the data is 
,ot lost, Charge -the gage for abswt an hour and then re-initiate the 
~WmP, 

'me sewoies of eompwter programs as shown 5n Af~?wdix f3.v ‘The txxzs 5r-1 
.SfC w$lC tyf>icalt.y operate iup to 300 bawd. The assembly langwc3ge cabC 

'or the actual transfer of data that can be wsed to 9600 bawd, 



Ich computer system will require soecial considcrati~no~ MOST operating 

‘StZF?lKS and high lcvek Languages are not writocn for real time 
)eration, For example one BASIC intcroerter elocs not reowire defining a 
ring length but changes its length as data inowP rcoldires it, For a 

rsiness application this is txmwenientB but if it occwrs while 
mdting a record of informati0n from the bR, some chaaraeecf-s will be 
,st, %(y incL&ing an assembly program control of the hardware ENABLE 
PUP to the DR this can taken care of, but such hardware" control is not 
lssible with a modem. 

'EN-r LP 

dump to a printer or a terminal contains the same information as The 

IMT CD dump except that; no checksums, no line counP and-iP is 
rmatted for readabiLity with a header and Too of Form command every 60 
nes, Print LP also trat-smitts three control characters at the begining 
d three at the end of the transmission, These sign on and sign of? 
aracters may be used to set external devices such as a orinter to a 
sired configuration, e-g, compressed print- These ataribwtes along 
th the character reconired as top of form CTQFI are set wia ATTRl68, a . 
b-menu of MENU, 

ansmission, 

%D CAL 
5263 1 
11001 1 
11002 1 
11003 1 
11004 % 
5273 1 
7003 1 

E 
=il*Ob 
-0.m 
-0.08 
-0.06 
8.0 
0.0 
8.0 
0,o 

x2 
0 
20 
20 
20 
?I 

Kl 914 fl3 
0 0.0 0.0 
5* 4,804 4.946 
0 3.384 1*1$ 
1 223 1.822 
5 2.887 I*E% 
6 0.0 (8.0 
15 3.41 4.442 

kc? Ill IOML 
0.0 0.0 8.0 
6.65 a*31 21.78 
a.097 1.41 7.243 
1m4 1.702 7.374 
1.944 2.191 8.899 
0.6 0.0 0.0 
4.135 S.082 14.07 



sys~cfm with a feaoer i30rt, set the baud rafes to agree, set a Control Z 
(ASCXX decimal 412) attribute in owe of the three suffix characters, 
gonneet the Ml PO the serial WP8 defined as RDR: (see section 2.99, and 
-V-~IC in the commuter white in CP/bl: 

~ht data in the DW will transfer to the file named DR50S.DATe It will be 
a literal Pile. You will have to sprip out header information etc. 



The DR may be ooerated remotely via the RS232C serial connector. Set the 
8R and the external device to the same baud rate. If the DR is in the 

command mode (“‘READY” is on the display) then any character on the seri- 
al input line wibl activate the DR without causing any action. ‘lhe 
aoprooiate remote control character from the following table should then 
be sent.to the DR, Because a4 the debounce software in the DR, the QoC- 
lowing character should be spaced at Ieast 3OQ milliseconds but not more 
than 60 secondsf?om the activate character, The BR witi oerform the 
command and shut down, 

fHPuT 
CHAR 

---- 

P  
DEL 
LF 
CR 

” 
t 
c 

1 
P 
0 
a 

i 
b 
0 n 
Y 

f” 
O-9 

P 

: 
c 

.I 

SOJDR 
KEY 

-- 
START 
ClEAR 
STEP 
EMTER 

D-WET 
D-DRY 
WATER 

FmnJ 
SELli YESP 
BAODRAPE 
ATm1B 
SERWUU 
VDRSIQH 

OYD 
F,NT 

O-9 

. 

These commands can be wsed to control, the DR from a CRT terminal or a 
;laeciaL program can be written to control. the DR from a computer, 

:m%roL-R is a speeiaa command that p$aces the DR Qn the remote terminal 
node. White in the remote terminal mode abC infoamatlon which aooears on 
:he DW dispbay wilt aLso be sent on the seriab owtpwt line where it can 



x received by Phe control dewi cc. The DR will stay in this mode for 60 
;ecomas after the last command. X4 a ~ecawemce 0% commends are separated 
>y mot-e oham 60 reComdE it will be necessary to send another C0ntf-01-R. 

r CPM ba%ed Systems with a reader/modem seriak port, the XC@! command 
fan be used to conxrol the DW from ehe completer keyboard. 

clcl ~lowef case p’g”g+9 1100 millisecond cietay then lower ease "g'") 

The first "'g'" tot- any character) activates the DR, The second "g"' is 
rcconized as the ecquivalent of pressing :Re START key. 

Example: To set the Time PO 96 seconds: 

DR SERfAL. 
OXSPLAY QUTPUT 



1-9 RSBZC SERXAL L%HK (hardware description) 

‘he DR has the capability of two way communications over a serial Link, 
'his allows; 11 the data stored in the DR RAP! memory to be converted to 
tard CODY using a printer, 2) the data to be dumped to a computer 4or 
itsrage and further processing before printing a hard COPY reslort / and 
*I allows the DR to be controlled by the computer or a CRT terminal., The 
~eeess to this serial link is through the ACCESSORY CONNECTOR located on 
he front of the surface electronic assembly, 

ACCESSORY CONNECTOR 

PXN FUNCTION 
-- ------_----9---__--__ 
4 910 v +qO V from the DR for use by external 

equipment (protected by the internal 
circuit breaker) 

2 GROUND 
3 SER%AL DATA OUT Serial data from the FIR to an external 

device 
4 SERIAL. DATA %M Serial data to the DR from an external 

device 
7 ENAfXE Conerob line from an external device 80 

the DR, When open or high the DR will 
transmit the next character, When Low 
the DR wi$b hoLed transmission 04 the 
next character untl"h ENABLE goes high. 

he DR transmits -4,O volts fsr a MARK and +I0 votes (battery voltage 
ctcrally ranges from 8 to 12 voLtsI for a SPACE, 

he seriab input to the DR acce~as the standard f&232 voltage swing, 

.hc ASCII code is 414 bits composed of: one start bit, 7 data bits, one 
,ariPy bit which is aLways transmitted as a mark and ignored on 
ecciving (some users refer to this as 8 data bits and no parity), and 2 
top bits (the DR sends two stop bits and will accept one or more stop 



ts) * 

;2%2C definer connector t)~13es~ oin assignrnent~s~ signat voltage levels 
4 timing for ssmmunicationo begwccn B oic@ee of data eommwnications 

ipment (DE) and a gaicct of t3ata terminal ec3ffiomenP (DTEI. The con" 

?ctQr should be a W25S (female) #or phe DtE and DP25P (male) for the 
TE, The DTE transmits on Din 9 and reeciwts on oin 3, The reverse is 
-ue for DCE equipmnt, 

~2326 has worked we!-\ when a oitee of terminat ewiomewf was working 
ith a modem, St has not been imDacmented eonsisoantly when two pieces 
f tt?rminaC eqMiO)m@nP are intereonnecoed and the cauipment designer must 
efine one of them as communications cauiomenf, e-g- when a cbmeuter 
riwes a winter, which is the DC% and which is the DYE? Al 1 
ombinations of mate/female eanneetors arid rransmissisnfreeeiwing Pins 
re found. 

‘he following 6 40 long cables@ including both a male and female version 
t-e availabte from CR-4 Carp, Alss ewailable ate cable garts, bless YOU 

l%We prswisiens -6~3~" soldering the ~misil terminals in the circcdtar con- 
ettor with 26 AWG wire, iz ir sugger~~a thax YQU order the uw~crminated . 
:abLe fe)r socciei externaa dewice %Qnwec'pQr aoQkicatfanr~ 

PART NO DESCRXPTXON RATES WItH 
e?t+**sg* ww~w**wtwwwwwwwww twwwwtwwBt* 
T501544 Cable, tW.I2CPDP%SP tP2SS 
C5OIS46 Crslblca WS2%2C%DP2SS DP%SP 
'$50157S C%bkt, WS~ZC/~%ermioa%cd 
RGl8307 Coancc%ot, ch, foiw 

The. wirjaag of thcsc cabtts is shorn in Appendix CR atong wtth Some for-. 
cific hardware eonfigurations, %f y&r cenfiguratisn does n~t.fit any Of 



3,o SPECXWL 

The neutron Drobe is a source of Past or high energy newtrons and a 
detector of slow or thermal neutrons. The fast neutrons are slowed down 
by collisions kdieh the nucelus of matter in the soil and then absorbed 
by the soil matter. Since the mass of the nucleus of hydrogen is the 
same as that of a free neutron, the presence of hydrogen will resffle in 
a high ficad of thermal neutrons. Weaver elements will also slow down 
:he neutrons but not nearly so effecrive. While it takes on the average 
only 48 collisions with hydrogen, it take 200 with the next element 
normally found in agro soi I. 

The thermal neutrons are continually being absorbed by the matter in the 
soi 1. Boron - for examole has a high affinity for thermal neutrons, The 
resulring cthermal newfron flux will depend upon a number of factors both 
creating. and absorbing thermal neutrons8 but most imgortantLy will be 

* how much hydrogen is Dresent, The neueron probe may thus be used as a a 
measuring device for moisture in rhe soil but it may.require calibration 

Q for local soil conditions., 

A field calibration requires the probe, a volume sampler, a scale and a 
*drying Owen* %nsealL the access tube in a representative point in the 

soil, Take probe readings in the tube and volume samples in pairs around 
. the thee Take them at the same depth and within a foot or two of the 

tube o 

Scab the volme safmoles in a sample can or plastic seah bag immediately 
a%ttr remowing %r~~m the soit, $e carefu\b not to compact the surrounding 
SQi 1 whew takiwg the samphes. j%desLLy 20 such measurement pairs should 
be takes-~ QWCO" p% range 0% m~iswe conditions, 

An alternate method fs -t-o use a samoher of smaller diameter than the 
tube and take volume samples at each depth wh<Le making the hole to 
install. the access tt,abee Then take probe readings et the same depths- 
This has the advewtage that the calibration is performed on the tube to 
be used -for schcduting, 

Another alternate, popular. with irrigation sehedul.ers.is to only take 
twQ measurement pairs, one pair at fiebd capacity and a second at-a soil 
moisture condition near 50X depletion. 



Weigh the soil samples wet and dry (24 hrs at $05 &?g c in 88 ~?~lttd 
owenIs Calcuhate the moisture by weight and the dry soil dewsqty and _ 
then combine to derermine the soit moisture co~~tertt in inches per %QO~ 

as fQllows: 

inch& ww - Wd (gm water) Wd (gm soik.1 1 (cc water) 
P@f- ", ~-~0-9)s--am~s-~ * Bps_--- x -- x 92 
=fOOr: Wd (gm soiN V (cc soil) (gm water) 

U'sjng Linear graph paper plot the probe readings in count ratio, wersws 
the vohume samples in inches per foot, 

intercept = El = iylb - A x WL 

then: m = CA x. 9") + B 

where: 
m = moisture in inches per foot 
r = csune ratio 
MH = high moisture vatwe in inches g>er f00t* 
bib = bw moisture value it7 inches fxr foPat 
RH = probe coesn~ ratio at the high moisture vskboe 
RL = orohe COLI~P ratio at the tow moisture value 



Examole: X field caoacity of 3,8 in/ft gives a ratio of 1 ,liQO, 
unite 50 ocrcent edeeletion gives a ratio of Q,99, 

3.8 - I,90 
A z .wewasma..a.m---.e z 2 603 

* 
in/fo/ countratio 

1-5 - 0,77 

8 = I,9 - 2,6Q3 x 0,7-T = -0,%043 

OR 

m = 2.603 x f- -9.1043 

Perform the following keystrokes to enter this calibration into calibra- 
Zion numf3er 2. 

KEY 
www-ww* 

UNXTS 
ST%P 
STEP 
ENTER 
CALXB 
STEP 
ENTER 
%NTEW 
2,603 
ENTER 
-,I043 
ENTER 

DISPLAY 
ttwwwwwt 
READY 
UNIT CT 
UNIT RO 
UNXT l[F 
READY 
CAL =I IF 
CAL 2 at? 
CO%F%S ? 
A *,* 
A 2,6f33- 
B *,* 
B -=#I $043 
READY 

T'hc DR de%iats the sl.octe and intercept with water on the vertical axis 
@nd ratio on the horizontal axis as showr'iw Fig %,I-%, If you data has 
been olsttcd with the axis reversed as shown in Fig %,I-%, it wibt be 
rscccrtasry to Transpose the slogse and intercept terms before entering in 
the DR, 

A = %/A' 

. 



.ABORATQRY CAL%BRATfBN 

- a laboratory calibration two known calibration points are needed, A 
ligh calibration standard might be a barrel of sand saturated with water 
tpypicalby 0.32 gm/ce. i,e, O-32 grams Q% water per cubic centimeter of 
ioi l. or 32% water by wolume or 3-84 inches of water per foot of soit.). A 
i~w standard of dry sand woucd be 0,O gm/cc- 

jet the gage to the desired units and select a 256 see count time. Use 
:he SLFCAL feature of the probe. Place the probe in one of the two known 
noisture standards, The display will prompt for the known moisture den- 
sity of the standard, %nter it in the units selected e-g- 3-88 ENTER, Xf 
:ount or ratio has been selected as the units, an error message will be 
iisplayed. 

?ressing START will cause the gage to take and sxore a 256 second 
reading, When the count is completed move the probe to the second mois- 
ture standard. The display wilt promet for the moisture density of that ' 
standard, Press START to take a 256 second reading in the second 
standard, When the count is comp$eted, the gage wilt. calculate and store 
the slope and intercept coefficients $0~ the calibration in the seLected 
units a Use “‘COEFF ?" ENTER to view them. Record them in yoarr note book 
for future reference, 

This is how the faetsry calibration was determined, Ia will be applica- 
ble for sandy soils with no significant minerals or organics, %O can 

'so be used for rehative measurements, e,g, fneaswiwg a 4ietd before 
.rd after a known irrigation wilb a!+lQw determining how much was appstied 

WCP'SMS how much the probe measures.$efore and after‘, thus cabibrating . 
the probe to that field, 

RANGE 

The linear calibration supplied with the DW is useful. over the most 
eemmonty use@ mositure range, 0 to 3%X, For special operation in mois;- 
ture percentages higher than this it is necessary to have a SFxciat 
catibratisn, fig %,I-4 shows a high range %ati$eetisn, %%f ffekd data is 
aQt WaibabLc, a count in 8 water barret can be used, 



%ouiomcnt errors that shot~bd seldom occur will display a dcseriptive 
fwfsagt or "ERR"" %olCowed by a nutn$er 04 lO0 or above, Pf such m error 
fllJmber occwPs, contact tf-ie factory or locaL service center. 

Ooeretrng errors: 

No moasturc stssndard count. Orke Q new standard. 
ffeeor5 Bog full. f'R1N8-~t~t f@%ord liege RPIcI clear VIP ftlRMAI. 

so entert5 1nttl WCCALL CiOeP not eaaso. Enter cotse%t 10. 

Record Soq em~ey when RECALL oretsecz. Load record(s) vxa LOG. 

Record log empty wren PRINT 0ressed. 
Crfabrrtlen coePPredente unaerfanec for CT or RO unit. change UNIT. 

Sntetnrl Cnecbc 

RAH xxxx 

wow xxxx 

ECP xxxx 

CK x. xxxx 

MClR ERfi 

Non-det%swctAve ram te6e failure at aa-.*ess XXXX. D 
~togram memory ~f=ieekfiwm error. xX.Xx 26 the non-zero sum. 
CCPROH ret25 after write Pellure at address XXXX. 
9l@er clock te$t b)erhoa error. 19 - X.xXxX1 > 0.09 seconds 
~oastu6e counter failure. 

Saurrr root of negatove number. 
~coae bus.6 error. 

Rcrl dasgh?sy rounauo ent-aonsnt unQerflo=. 
o~esear 01tac* pt.?lnter greater tnrn current pstask posnter. 
Qncleor mci~n2ne 6tack gcinter greater tnan current maehbne stack Pointe 

U~OCfl~t?5 pcclL9c. 
Sour~ous tameout. 
Peode 008ntcr unset-flow imcrscnlne stack rwnnang pcoae). 
OneSear 6ttaek lynderfl0w. 
oe%th lneew $00 bag. 
~ecerd 8ndes too big. 
Count toe big to store An reczora. 
SPUPlOUS nnlbARsazotlon. 
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A ‘- average of the pooulation 
cf” standard deviation of the popukation 

The distribution from measurement sampCes 
of any process can be classified in:o 
expected shdpes that have been previously 
observed I Three are applicable PO radioac- 
tive decay; Binominal, Poisson and Normal 
(also called Gaussian) p 

The Binominal distribution applies when 
the measured event can take one of tkdo 
states e Tossing a coin is an obvious case, 
l[t can also be applied to a given atom 
either decaying or not in a time period. 
Jt is difficult to deal with 
oomputationaClyo 

Since the number of atoms is very serge 
and the expected probability of a decay 
occuring is wery Low (source Life in years 
and measurement time in minutes%, we can 
use the Poisson distribution which is a 
special case of the binominal distribution 
for these conditions, A special property 
of the Poisson distribution is that the 
expected standard deviation is equal PO 
the square-root of the average va!.ue, 

If the sampbe is large enough we can $ep- 
proximate for the standaid gfevistion of 
the sampbe, 

This is an important retat!onship. %t 
m&ns that $4 repeated measurements are 
taken without moving the gage and the 
detector electronics are working property, 
then the spread of the counts wiCl only be 
dependent uponvthe average count rate. 
This is in contrast to most measurements 
where khe spread wibk depend upon the 
process e Fig A-3 shows the diameter of a 
part turned on a new Iathe white Fig A-G 
shows the same part turned on an old 
iathe, Both lathes produce a part w+th the 



S%gRga awefb~~c diameter but a Loose beariwg caused the wider spread for 
oart% wenufactu~ed on the oader lathe, 

ic Poisson distribution applies to discrete measurements e,g. count or 
830 count o Provided the average value is large enough (20 or greater), 
the Poisson distributions can be approximated by the Normal 
distribution. 

Using the Normal distribution simplifies things even further. It is a 
continuous distribution. Is is symmetrical about the average, and most 
important 4': can be completely described by its average and standard 
deviation. 

As shown in Fig A-5,. for a Normal distribution, 68.3% of all coutits Will 
be within one standard deviation, 95,5X of all counts will be within two 
standard deviations, and 99.7% of all count;s will be within three stan- 
dard deviations. 

Thus these three distribution model-s become identical for the case with 
a small individual swceess probability but with a large number of trials 
SO that the expected average number of successes is large, This albows 
the wse 04 the best features of each distribution for three statisticab 
rituatiows cencerniwg the gage: 

$1 Siwgle meiswrememt precision 
2) Execcttd spread 0% measurements 
3% Expected difference between two measurements 

'The expected wariation for one standard deviation (68-s%) of a sing!.e- 
count can be expressed as a percent error as fot.lows; 

This cxprt~sfon ~~crls Phst the onty way '$0 improve the count precision 
ccc3$* reduce the ptrc&cng er(~orI 4s 4o tncercz~e eke size of x (eggs she 
g%$t aawufac~u~s selecxt com~omemts for a higher count rate while the 
g%gc user coumtf %or a longer rseriod of time), . 

The Bokaowing fable dcmonstrstes that a minimum of 10,000 counts is 
rewired to ach~cve a mumt precision of 1.0 percent or better 682% of 
the time. 

CQUNTS SR UT 
COUNT COUNT 

BRECISXQN PRECISION 
(68.3%) (95,5X) . 

I- 1 %OO,O 
IO a,44 31,6 43,% 

100 10 IO,0 20.0 
9 .ooo 31 ,I52 3.14 6.32 

10,000 100 1 .oo 2.0 
100,000 314,22 .32 .63 



The count precision improves with the sBuare of the count, Thus taking 
four times the counts improves the count precision by a factor of two, 

Vo provide a consistant frame of referense to the operator, the count 
dispbayed in the DR is always an equivalent 96 second count regardless 
of the time base selected. It is necessary to correct a precision deter- 
mination for other time base selections as follows. 

where t is the selected time in seconds 

Example: A 64 second direct count is taken and displays 3000. The 
precision of the count is PCT=lOO/(SQR(aO00+64/46) or 0.9%3X, 

The direct reading is 2-O gm/cm3. To determine the end measurement 
precision it is necessary to multiphy the eownt precision by the slope 
of the calibration curve. Assuming a slope of 0,8436 gm/cm3 per percent, - 
the 2.0 gm/cm3 reading varies by +/-0.038 gm/cm3 (68% of the time 
representing one standard dev-iation>. 

If you take repeat measurements but move the gage between reading then 
the standard deviation of that set of readings wilb include both the 
source random variation and the variation due to re-positioning the . 
gage, and thus be larger, 

1[,2 Expected spread of measurements 

An accepted quality control procedure for a random counPing device is to 
record a series of 20 to 50 sueeessive counts wh$le keep:ng al\ 
eonditiens as constant as possibbs, By comparing the distribution of 
this sample of counts with the expected Normal distribution, abnores$ 
amounts. of fluction can be detec$ed.which coubd indicate maL%unctioning 
of the gage. 

The '"Chi-squared test" is a quantitative means to make this eompartion. 
%t can be used when a eelculator is avaiLable to determine the stswdard 
deviation of the sample, 

(n-1) s9 
” ----we-- 

a2 

where% is from the Chi-squared tabLes. 

By substituting that the expected standard dewiation is eoua~ to the 
square-root of the average count (d =flB ce-arranging terms and taking 
the square-root of both sides: 



s 

Xdeally the ratio on the right hand side of this exoression should be 
41 .oo. The degree to which this ratio departs from unity is an indicator 
of the extent to which the measured standard deviation differs from the 
expected standard aewiation. 

On the Left hand side of the exoression, the degree to which x2 differs 
from (n-11 is a correroonding allowance for the ueoarture of the data 
from the predicted distribution (e-g, we flip a coin ten times and ex- 
pect five heads and five tails but accent other distributions for a 
given samole) - Chi-squared distribution tables are found in texts on 
statistics, The table values deoend uoon the degrees of freedom (one 
less than the number of counts) and the orobability that a sample of 
cwnts would have a larger watue of x2 than in the tabhe, The x2 values 
fof 2,5% and 97,5% (a 95% orobability range) and b39 degrees of freedom 
arc 47,% and 48,23 Substituting these value into the left hand side of 
the expression gives ratio kimits between O,f5 and 4-25 for $2 sempkes 
and a 95% probability. 

Xf the ratio on the right side is between these limits then there is no 
t=%lSOft to suspect the gage is not gxrforming properlye If the ratio is 
ouaside these limits then the gage is susoect and further Pests me in 
qrdcr (even a oroeerly working gage wi$l. faL( outside the Chi-squared 
aimits 5% 0% the time), 

ff a calculator is mot wailable which can ersly determine the standard 
deviation, a emal.itatiwe ersethsd to CQ~WBW xhe observed standard dewia- 
tion ~5th the expected standard dewiation is ‘$0: take a series of 10 
counts and determine tkc5r atan and the square-root of their mean (guess 
the square-mot to 2 d+gitt if no% awai\eble on the simsle ealcubasor) e 
ff thajr distribution is normal then 65$,$X of the readings wilC be with- 
in the mean a/- the square-mot of the mean (e-g. 3 out of 10)- 



EXAWLE: 
9668 
9797 H 
9691 
9562 L 
9684 
9783 H 
9687 
9585 
9654 
9599 

This example has three counts outside the 
+/- square-root Limits, Two are high and 
one is low, This is an acceptable dist- 
ribution, There is no reason to suspect 
this gage. 

96707 TOTAL 

96707 
. ..-s-w = 9671 AVG 

40 

SQ-R-l' = 98 

AVG + SQ-RT = 97'69 
AVG - SQ-RT = 9573 

Since this Pest only -involves a sample of ten counts it is not very 
predictable, Even a properly operating gage wilt onCy pass this test one 
out of four times. If the test fails repeat it to see if any adverse 
trends exist e 

I,3 Expected difference between two readings 

The srandar-d count or some other reference count should be recorded on a 
regular basis to ahlow observing if it stays the same or if any adverse 
trends are present, If enough counts have beenlused to determined the 
average and thus also the standard deviation of the population, then the 
Normat distribution may be used, 

Expressing the z value 
deviation, 

in terms of the,q value plus a factor of the 

From the Normal tables, fcr 95% confidence, the Z value is 9,96, 



Thus the new reading should be eaual to the ~~~aasg~ of the oCd reading 
plus/minus 4.96 times the s;e;luarc n9Q% of the old average. 

“his is true for the 96 seesrid CQUWO which is direct, fear another time 
,ase the K term mus4 be reduced by the square-root of the count 

pre-scalinge e*gw ~QP a 64 second count wRi%h is 4 times as long as the 

direct 16 second count the new reading shoubd be olus/minus 0098, A 
special. case is the standard count which involves 32 each (n-321 I) sec- 
ond counts, A new standard count should be eoual to the old standard 
count plus/minus 0,$9 times the sauare-root of the old sxawdard count 95 
percent of the time. 

EXAMPLE.: 

?he average of the daily soandard COISPIP for the Last month is - ‘10,8QOo 
The square-root of this average is 900. & new standard count (32 each at 
8 seconds but displayed as 36 seconds) should be between 9,953 and 
10,044 (95% probabi kity) o 

PQSSII%L% CAUSE 

hsok for a drift 
change in the average 
count wer pPewiQuSe 

Chi ratio too 8ow with an 
increase in the awerage 
count over prtvioute 

Chi ratio %OQ bowl WQ 
change in the average 
count e 

Periodic neise octx~ting, Possibly 
an open fitter capacitor in the 
HW fmwcr sugaply.3 



One of the features sf the YJ3DR is to communicate with other eamputers 
as a remotely activeted device or $6 dowwboad its logged data records PQ 
a disk or printer. There are two parts to this process; downloading 
softwa’re, and RS-232C serial communication hardware, 

D~WNLQADXNG RECORDED DATA 

Using the logging feature the gauge can record many records of site 
readings for recall later, It is extremely convenient if that data can 
be used in a program that can manipulate the data for the users needs, 
To get the data from the probe to the computer you may use the PRINT CD 
fe%lPure which stands for PRINT Computer Dump, Computer to computer 
communication rcauires a matched standard means of data communication 
implemented on both ends of the transfer. The gauge is capable of serial 
communication in an RS232 ASCII format which is standard for many 
comput ecs and communication packages written to be used on them. One 
problem of serial communication is that it is not fooL-proof and some 
form of error checking must be preformed on the data to insure that it 
is valid, The gauge uses a format where at the end of each line that is 
transmitted the computed checksum of the ASCII values of each character 
in the line is sent as the $ast data fjeld, The receiving program 
must compare this value with the value it computes as the data is being 
received and send back an appropriate response, This format of communi- 
cation is styled after ACK and NACK types of communication, The re- 
swnse it either ACK the tine was received 6orrectl.y and it is 
AGKnowiedged or the response is NACK the Line was not received correctly 
and f% is Not ACKnowledged, The gauge receives the response and either 
‘gransmlts the line again or transmits the next line, The data records 
received are stored as a fiae on the current storage medium. 

The program spec$ficatisns that pertain to the gauge are: 

RSZ32 type serial communication (TXD,RXB,SNDI, 
4 star% bit, 8 data bits, no parity, and 2 stop bits, 
Baud rates; 190,380,4%00,2480,48Q8,98BQ (programs in basic may not 

apetate at speeds higher than 308 baud) e 
ACK ChaPsctcr ASCXX value 6 decimtl, 
NACK character ASC%%% wa!.ue 21 decimah (any unrecognized character 

is treated as a NACK character), 
Checksum computed by ASCE% waCues up to and including the comma 

befon? the cheeksum fi ebd, 
“pa is the ASCXX eha~ectes (value “112 decimal) that will remotely 

activate the PRXNT feature of the gauge., 
CR 4s the ASCII character (value 13 deeimal~ that with remotely 

acknowledge the PRINT CD prompt, 

%ncCuded here are the descriptions and program listings for several 
types of computers that compose a fairly good cross-section of the 
microcomputers that -are current!.y available. Even if the computer that 
you are currently using does not direstay correspond to one of the ones 
Bisted, there is a good chance that with the information provided in the 
Listings and a care%uL study of the programmers manual for your computer 
that you eoukd write a downloading program of your own. The last C’Ist- 
iog DRXN2pMP~BAS will convert the download file from the standard format 



tg% the fornat wsed by the IWRfGA%%ON WATER ~~A~f$f~j~lhlT system software 
from CPN CORP. %t wilt. cmerate as is on mosg of the microcomputers 
using variations of NII%RCOSOF% BAS%& for eompuxcrs with disk drives- 

This version of DRDUMP will operate on most %BM PC's and their ciose 
eompatibtes. It has been used on an IBM PC, H%ATH/Z%NPTH 41630 or 150, 
T%L%VlD%O 9605, and with the replacement of line number 340 with the one 
listed below ix will also operate on the APPLE t3ACXNTOSH with M%CROSOFT 
BASIC, 

3’10 OPEN “CQMI:3OO,N,8,2” AS #l ' Set port 308 baud, no parity, 
8 bits, 2 stop bits 

The requirement for this program to work is the inclusion of the OPEN 
"60M1 :.os statement in the BASIC language used, 



This wcrsisn of ORDUMP was written for a CP/M based microcomputer that 
uses the port method of P/O addressing. It was specifically written to 
operated on a VECTOR GRAPHPCS Model 4 as is or the fohbowing computers 
with their associated CIne modifications. 

VECTOR GRAPHICS 3 
No changes just use the printer port. 

VECTOR GRAPHICS VSX 
160 ST% = 6 ' Status port number 
360 OUT SY%,&HIS ' Reset the port 
362 OUT ST%,8Hl4 ' set port mode; (4 start), 8 data, no parity, 

2 St00 bits 
364 QUT SF%,&HdC 4 set port for tfansmit and receive 

366 OUT ST%,&H15 
368 OUY ST%,&HEA 
370 OUT ST%,&Hll 
372 OUT SY%,&HQO 
374 QUT Sf%,&Hl3 
374 OUT SHX,&HCl 
f8Q OUT sPx,&wlo 
830 OUT ST%,&HIO: WHXLE gXNP(STZ9 AND 41 = ZXPX: WEND * Wait 

for transmitter ready 
870 K% = $000: OUT ST%,LHIU: WHPLE ((%NP(ST%,) AND QN&%)=ZIP%) 

AND (KX ) EXPXI: KX " Se% - ONE%: WEND 
970 OUT %f%,&WIO: WHXLE (XNP(ST%I AND 11 = ZIP%: WEND ' Wait 

for Line feed character 

QSM 2EUS 
150 DPX = 2 4 data port nwmber 
160 ST% = 3 4 5014MS port nlmber 
220 PWXNT CHRf(24) 4 Cheap‘ sceeen 
MCI f3UTt ST%,EH18 a Reset the port 
362 OUT ST%,&Ba?cb a set port mode; (1 start), 8 data, no 

parity, 2 stop bits 
$64 OUT s"$%J$H& 4 set port for transmit and receive 
366 on sT%,&wo3 
368 OUT ST%p&H%% 
370 QUT ST%&JGHC45 
372 OUT ST%,&H%A 
394 OUT ST%,&wll 
374 OUT ST%,EHQO 
378 OUT &W6%,EHBS a Set to 300 baud 
380 OUT &H6%,EH%4 
455 %F PRN'VWX THEN LPRXNT CHRf(26) 4 Send to printer 
830 OUT S'Y%,&HIU: WHXLE (%NP(ST%:) AND 4) = ZXPX: WEND ' Wait 

87Q KX = 
fgar transmitter ready 

1000: QUT ST%,%WlO: WHXLE ~~XNP~STX~ AND OME%)=%fP%~ 
AND CK% ) ZfP%I: KX = KX - ONE%: WEND 

970 OUT S"G%,&Hlo: WHXLE ~XNP~STX~ AND 1) = ZIP%: WEND a Wait 
for Line feed character 

I"LsS XP PRNTWX THEN LPRXNT CHRS(26) * Dump printer file 



This is an assembly Language upgrade to listing #2 that wilt input data 
at speeds up to 9600 baud. The assembly language routine wiLL hawe to 
be Loaded at 40000 decimal before the basic program is rune The line 
changes required to implement it with listing $2 are: 

DELETE 7ZXb=8ZO 
DELETE 900 
DELEVE 970-980 

250 PRINT "Set OR baud rate to 9600-"' 
383 8UT’ ekHII,&HOD ’ Set to 9600 baud 
386 OUT &HI3 /&HO0 
520 WHILE NUMLINX <- NLPNES 
845 BUF = 4SQS5! 
865 CALL 40QOO! 
830 BUF = BUF + 1 
890 CHAR = P%%K(BlJF) 

The special characteristics of the OSBORNE 1 and it's memory-mapped %PO . 
that is page flipped with the program memory spawned this interesting 
use of the CPM I/O byte at loeatisn 3 to SWPB the console with the 
serial port to input the data as though it was keyboard entry, It 

_ requires the OSBORNEss SETUP program to set the configuration of the 
rort to 300 baud before running the program.. 

LISTING #5 and W6 

The APPLE EE/II+/%Ie/and XXc abso have special considerat4ons since in 
the beginning when the APPLE 1% was first designed there was no swch 
thing as disk drives p serial communications, and printers avaiLable fQP 
microcomputers,, The designers thought ahead enough PO provfde for 
4plug-in 4 expansion that would include such things 'but INTEGER and 
APPLESOFT BASIC did not provide for direct interface with thems The 
result is a two part program in APPLESOFT BAS116 and 6502 aosembQy Lan- 
guage that receives the data through a SUPER SERIAL CARD (from APPLE) 
plugged in a card slot that is pointed to by the wariabae SLOT in the 
basic portfon line 50. 

Type in the BASIC Listing #5 and save it as DRDUMP. Type in the M%XDUl"lP 
for Listing #Q by using the foltowing steps: 

CALL -1151 
6500: A9 84 a':e 

&II: 20'9C FC 60 
*f3SAV% PNPUTDR,AMP,AS300,LS74 



This program is simular to the others but uses the ROM routines built 
into the TWS80 MODEL X%X & 4 PQ inport the data W-I the serial port, Xt 
will PUR on the MODEL XXI with RQ modifications and it will work on the 
MODEL 4 if it is brought up fn MODEL X1%% emulation mde (booted with a 
MODEL XXX disk). 

This is the file convet-Per that manipulates the data into the format 
expected by the IRRfGATXON WATER MANAGEMENT program from CPN CORP, It 
witI. operate on most computers that use MSCROSOFY BASXC for disk drives. 

,,.-- , 4AhP 



le 5e)3OW uses the RS432C industry s%andard seriak communiea%lon 
hod, The SOSBR cable connector is a specjal CPN CORP. csnfigura%ion 

na% can be linked %o a 25 pin D-%ype connector on the opposite end of 
he cable, Most eemputers will have the DF’25, (25 pin b-%ype sockets) 
onnector buibt in althsugh the IBs9 asynchronous cemmuniea%ions card and 

few others have a QPZfiP (25 pin D-type pins) connector buil% in. 

ere are a collee%ion of some of the more popular cable configura%ions: 



. . . . 



0 %F PWNTRX MEN LPWINY ff$ ) ChItpat a fQflfw?d 
Em% S¶ 

. ClJSE 13 
a PRINT “Is this data satisfactory Y”;SYRSNfi%(S,BKSPOJ;:InBUT AW: IF JNS?RMNSWERI,ANSO = 0 MEN RUN ‘ASK FQR USER ‘QK 





go 83 8 180: WflLtM * 0 ’ Set KX for Qir%t $1~ and initialize MLIB(X 
;9g wIL$ (KX 0 09 AMYI MOT BKXI * hoop as 1~19 a5 there is RQ error of the titer dlaesn”t tile out 

rnLlWX = Wrnbl8t% 4 I 
i40 Em9B BSO * get all1 the records Qror the DR and put thea in the file PRIH.BAY 
SO IF (#I = 01 OR BKX THEN 590 ’ Skip to exit loop if tire is out or error 
ib0 PRIB(V 13, VLlWU 
30 %F WtLlKX ) B(LIMES--I THEN PLIHE9 = we3 + *88ExTRa DaTR LxIyE88” 0 nerlr data that exceeds ori9ml riurtler fJt ]lJRes 
Xl0 fglSUB 1120 ’ PRI#T fLI#E 
190 WEHD 
iOQ a 
j10 OUT DPX, am:’ Do one &art ACK to allow DR ta finish 
520 * 
530 ’ 
540 @,-.= giU!T ---- 
bs(J IF PRM?RIL TEN LPRI#T Ff$ ’ htput a 4orPQeed 
b&O CLOSE 4% 
870 $RIH?‘ls thin data satisfactery Y”;%YR%#G$IS,BKSP$);:I#PUT RHS$:IF %NSTR(ANS#ERI,AHSO p 0 THEN 10: ’ ASK USER FOR ‘OK’ 
bB0 IF BKX THEH 700 ’ Skip eonvcrting data if error has oceurcd 
690 CHRIBI “RRWDtiP,BAS”, ALL ’ Convert data string to parsed infersaticn. 
700 END 
910 q 
920 9888888~BR~~lRES888888 
730 a 
940 p SUB - Input iirst line -pppB 
750 ’ LINE:s $60 YHRU 920 HAVE TME CRIY%CAL COtI%, 
760 ’ ME B&O*) MAIT FOR CHARACTER TO BE RECEIVED (‘ME WAIT) 
*‘-I ’ ME B90=l) CHECK FOR OVER-RUN SMUS 

@ LIME BBO=) BE1 MARATER 
790 ’ %%ffE ff9W RERIRN IF TIER RA# OUT 
BOO ’ NE 900x1 IS IIY “CR’ THEN E?GI OF RECBRD 
810 ’ LH#E 910=) CHECK FOR KEYBOARQ IHTERUPTION 
B20 * LSHE 920=) MKE TLIWEO, aNI CHECKSUH. 60 EET NEXT CHARACTER 1 
830 U!ilbE BWWXI AWB 11 = ZIPX: BIEND a Yait 4or traasaitter ready 
840 m @&REvB’B ’ ., Send %erpoR%? to DR 
850 VLMES * *a @ Clear Line resord buffer 
8bO EKmix = 1%$X q Reset chectrua 6er new record 
890 Kl = 1000: WHlLE !tIB(PI$TU MU OBIQI~M’X~ A#0 NX ) ZIP%): K% = KX - II&t&%: BTE#D 

0 %F WmSPIB (W#D 1610 ZIQX THEM OUT STE,&H35: PRINT “88 O-R 88” 
890 CHnR 0 IW$B[DPXl 
980 %F 83 g 0 nm FumRH 
9IO %F CHAR g CR fHEM 9%0 
920 IIP %WXY$ 0 ” THEM ERROR 
910 PL!WE% = YLIWE$ + CHR$(CHARl: CKSMX = CKBUiX + CHAR: ljQTO B70 
940 8 
9% ’ EHB OF RECORD processing 
960 @ 
970 tlHlLF. (IRP1STX) WMD 2ls%IP%: YEBID ’ wait %or line Qced char 
880 MRR g IWP(DPX): ’ get the line feed 
990 LASVCHLR = LEHmlnEcl: ) get length of data string * 
0000 LETCBM = LAISYEHAR1 ’ initialize coma peinter 
1010 Em%= DI1B%($b%WEu,1SPEanw,anE~) 



1196 PRINT ERR,ERL:PRlkiT “GQfIfIUMCAIIOH IA’TERUPIED”: BKI = -!: MOURN ’ HAi%f ERROR Ib;CLUBlfG KEYBOARD IR’?KkuPIIO#S 

TYPE BRL%N.ASH 
88818 PEDI: DRbIWiSfi 888888888 B50304 %888%818 LISTING c3 





6 REM DRDUMP 3%6/f% FOR APPLE xx 
WI SUPER SERIAL CARD NO 80-Cal.” CARDS 

10 REM 
;Q REM fNIT%AtItAfIQN 
0 REM 

-5 RS = 6: REM SET RESF’QNSE DEFAULT 
6 DIM YL8(379): REM MAX # OF RECORDS 279 
.C) SLOT = 3: REM SLBT # OF ssc 
0 DE% = CWRa (4): REM DISK COMMAND 
5 GBSUF PCW~ 
0 CM% = CHRB (I): REM SSC COMMAND 
Ct PRINT DK3; “FRW” ;SLOT: REM A@CESS SERIAL CARD 
0 F’RPNT CM%; “b BAUD”: REM SET BAUD RATE TO 2.00 Ef% 
Q Q PR¶NY CMB:“4 DAYA”‘: REM 8 DATA BIYS. 2 SYOP PITS 
10 PRINT CMB;“Ct PARPYY”z REM NO PARITY 
2 Q PRINT CMB; “LF D%SABLE”‘: REM NO AUYCI LINE FEEDS 
21 PRINT CM~“Et3iO ENABLE”: REM PRlNY TO SCREEN 
22 PRINY CMB “Mf?SK ENABLE’” : REM MASK OUY IN CWlING L%NEFEEDS 
L.J PR%NT CMB”ZAP”: -Y= REM DI[SABLE COMMAND CHARACYERS 
33 PRINT DK%; “PR#O”: REM RESET TO SCREEN 
40 REM 
30 REM PUT UP HEADERS 
33 REM 
70 HOME 
40 WTAE 7: PRINT “DRDUMF UFL0AD PROBE DATA”” 
?Q PR%NY : PRINT 
30 PRINT “SE-I- DR BAUD RAYE 7-0 3.00 I.-W-S. (‘ 
1Q PRINT “‘CONNECY YHE CABLE Yc% DR, w 
33 XNPUY “ENTER DAYE ==> “;DY% 
Xl PRINT : F’RINY “DATA”;: HYAB 32: PR%NY “RESPONSE”: PRINT 
-----a----------,,----------------------*,: 
FO POKE 34,9: REM SET SCROLL%NC bJl[NDCJW 
3-7 REM -1 

X3 REM STAR-f DUMPIN& DAYA ’ 
29 REM 
~3 PRXNT DKSg,"PR#*';SL%IT: PRINY DW"'%N#";SLOT 
,4 REM TURN ON PRINT CD REMOTELY 
:15 PRINT CHRB (l%2)bz FOR X = % TO 1600: NEXT t PRXNT CHRa 

82) f : FedR x = S, ‘-i-C3 $080: NEXT L PRINT CHRC f$f$tr FOR X = 
YO f 000: NEXT : PR%NT CHR% (%5);: FOR X = 1 TO 300: NEXT’ 

& L = 0: & INPUT TLslL): GOSUE 1500: IF RS = 21 THEN PRXNY 
:MR% (A'S') j : 663-f-O %X-a: REM GET FIRST LINE 
17 FOR I, = f TO VQh tTt%(O) 1 - % 
m PRXNT CHRI (RS)-~r REM SEND RESPONSE 
Q $1. INPUT TL% (L-1 : REM GET DATA FROM PROBE 

!Q ejOSUP 1SCQ: REM C[%MtWYE CHECKSUM k kESP6%NSE 
.cl *c %F RS = 21 YWEN 508: REM IF NAK GET AGAI%N 
3 NEXT 
C$ PRINT CHRB (61 r REM TURN ($FF PRO&E 
7 PRINT DKs’“PR&@“‘: F’RdNY Dt<$i”‘%N#Q”‘: REM REYURN APPLE I-Q 
IRMAL *I 

:‘js GtEUE 5WO: REM WRITE DAYA TO DfSt: 
0 TEXT : END 
‘7 REM 





34dAN % 

w”l.5 
wa7 
WHd 
WCt-l 
SLY 
WLS 
wa-i 
AN% 
wdis 
wa-l 
AN% 
WLS 
wa-7 
Acrl 
klJsL” 
Aa[-l 
Xt3-l 
!.sc 
WC-I 
k!:sc 
XLS 
YSC 
XoI-7 
klsc 
YSl? 
wa7 

kKUON 

, . 

37zlAN f 
2OldN% 
INdYWA 
dOwE2k.i 
SNXN31 

7938 
1; LflO3 

uwbi3au 
103Y-Kl 
YlSAOW 
WdS133 
13flYLd 
tdH3NAS 
sdwa3 

NI 





a10 UKII 
520 POKE CC, AC-K 
30 x = USE2(OI 
540 @ 
550 ’ CLOSE FILES AtiD QUlT 
560 ’ 
570 CLOSE 15 
580 %F PRHf YHEW LPRJNT CHRI(lSI 
590 f-‘Rl~? “fS WS DATA SAWFACTORY’; 
600 AftSl b MEYr: IF AH!3 = ” ‘IHEW 600 ELSE PRlHl ANSS 
610 IF AHi3 0 *Ye AND AN%0 0 ‘y” MN 10 
620 END 
bJ0 ‘. 
640 ’ DOk!KLOAD DATA RECORD ONE LINE AT A TIRE 
650 @ 
bbQ POKE f&R 
640 1 = usR2(01 
680 PLC g a8 
690 HU g 0 
IO0 u * wo 
a0 x 52 USRl SO): cli g PEE:KSEIl 
720 IF ew = 0 THEIt WV cE WV 4 1 
738 %F MJ ) ft'l Pl4i34 tiu g 0: R = BIAK: &lSUB 920: EOT(j 660 
440 IF Eff g 0 Eon 710 
350 IF CM = ER 6OYsl 620 
760 TL% g PLO + ctmmt 
790 SX g CK 4 Eli * 
SE0 EOYO no 
990 * 

900 * PRINT DAYA RECBRD 
910 a 
920 F’RW ?LS; TkB(b3);:%P R = WCI: THEN F’R~~ ‘ACL” ELSE PRINT “#AK” 



RRM2DKP.BAS 3/1118% 

fivi KQ%s11ool,RPsIoo~ 
>8 PRDCEDW 8808 
CDWERV DR%N.DA? 10 DRDURP.DAl 

WE# “!‘,3,“DRf#,DAP” ’ own probe ido file 
INPUV %3,BAYEl% 
IWUT %3,#R,CD$,SW,UH~,STC,aBBYASL,BEPTHSB,CES~ ’ pet header info 
DASHX=IKYR (CDS, ‘-‘J ’ FIND VERSION 
IF DASH% = 0 THEH LHSL = (I-1) ELSE LHS$ = (I=21 ’ SET LINES #Ufi@ERS FLAG FOR lWPUT 
IF MS% MH #UlCALS% z 9 ELSE #LMCALSX = 17 ’ SET WUFIBER QF CALIBRATIONS, 
FOR I%=2 TO ?WXALS% 

IF LHS% TXN lDaPUT %3,CALX,SL,Y%NI,CKSUnI ELSE INPUT IS,LW%,EAL”a,Sh,YSWT,CLSUn% ’ get ali the celibretion in40 
NEXT 
OPEN ‘Os,2p’DRDUfIP.DAT’ ’ open the awtput file 
PRIHT l2,DATEl( 
PRIHT 12,DEPTHS%‘,“KDATA%-1 ’ write % 04 data records, t 04 depths per rmrd 
Wfl1L.E HOT EOFW a trrasfa info 

IF LffS% THEN INPUT t3,ID%,CAL% ELSE MPUT II3,LW%,%D%,CAL% 
FDR I%=#DATA% TO B STEP -1 

%D(PUT 03qKDL(I%l * get all key fie%ds 
NEXT 
FQR %X--DEPTHS% TO 1 STEP -1 

1D(PUV fl%,DPM ’ get the depth rrstliags 
NEXT 



4tBt4*4~Q44*444444B44444*4444~4444444444~4~~44444444444~4444444444444444 

CABLE, GE?dERAL PURPOSE 
DRS03 corm 0 CABLE RS2.32 csnn, BP25S 
e-r.--- “-~---- v-wQ-.wu-.s.- ------~o--~-~---~~~ 

I PROTECTIVE GROUND 

SERIAL INPUT 4 < -..-.-fjLU..--- 2 TXD 
SERIAL OUTPUT 3 .%.-.-.GRM -..-e..) 3 RX0 

ENABLE ‘p (..--d..yEL~---- 4 REQUEST TO SEND 

+I0 v 4 --.+)R-..!.+--> 5 CLEAR TO SEND 
I ---> 6 DATA SET READY 

GROUND 2 (-----QLK-----> 7 GROUMD 
4*4*4444Qtt444QQ**XQ*4444444444*44*4444*4**4*44*4*44444**444444**4444*44 

*4444*4f4444*+444444444**44*44444444*4444*44*4444**444~*44444*4444444444 

CABLE, GENERAL PURPOSE 
OR503 corm. CABLE RS232 corm, bP2%f4 
---.=----~O-~.W----~ ---s..m.-----P -__----_-s----_-_-_a___ 

I PROTECTIVE GROUND 

SEWXAL I[NPUT 
SEW% AL OUTPUT 

4 <----BLU----- 2 TXD 
3 --.--GRN.----> 3 RX0 

ENABLE 7 <----YEL---- 4 REQUEST TO SEND 

=+I0 w 1 --u4--QR--+--> 5 CLEAR TO SEND . - 
I ---> 6 DATA SET READY . 

SERSAL SHPUT 4 <----Qup==--- 2 TX%> 
SERIAL OUTPUT 3 .=.--.-~~~ -..---) 3 RX0 

NC <--- 4 WEQUEST TQ SEND 

+I0 w I -----OR-+-, 5 CLEAR TO SEND 
I --> 6 DATA SET READY 

GROUND 2 <------ BLK----> 7 GRQUND 

NC <--- 20 DATA TEWWSNAL UEADY' 



SERIAL OUTPUT 3 .m~~-.~~f-.+.aw~~> 2 RX0 
SERIAL INPUT 4 a ----wBLU-w--- ‘g TX0 

+IQV 9 -+-OR---...--> 4 CLEAR TO SEND 
I 

GROUND 

REQUEST TO SEND 
DATA TERMXNAL READY 

I 
2 <---.+L#-..--> 7 GROUND 

I 
+-~~-~-~~) 2-j DATA SET READY 

,;RPAL OUTPUT 3 -es.~~~~ /+.---, 2 TXD 
SER%AL %NPUT 4 a- BLU----- 3 RX%, 

MC <-- s REQUEST TO SEND 
NC a--- 6 DATA SET READY 

GROUND 2 <----+xX-----9 7 GROUND 

NC a--- 8 CARRIER QETECT 



SERIAL OUTPUT 3 ---GRN---m-> 2 TX0 
SERIAL INPUT 4 (----+jLU----- 3 RX0 

NC <--- 5 REQUEST TO SEND 
NC <--- 6 DATA SET READY 

GROUND 2 <-----BLK.-w-m-> 7 GROUND 

NC <--- 8 CARRIER DETECT 

SERIAL INPUT 4 <----BLU--- 2 TX0 
SERIAL OUTPUT 3 ---GRN -----9 3 RXD 

NC c--- 4 RKQUEST TO SEND . 

NC --9 5 CLEAR TO SEND 
NC ---9 6 DATA SET READY 

GROUND 2 <----BL#----9 ‘3 GROUND 

NC -c--- 20 DATA TERMSIMAL READY 


